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Abstract: Background and Objective: Epidermal Growth Factor Receptor-
Tyrosine Kinase Inhibitors (EGFR-TKIs) are effective against lung
adenocarcinoma. However, limited data is available assessing the effectiveness
of EGFR-TKI use in preventing re-accumulation of MPE. To our knowledge,
there is no literature on comparison of talc pleurodesis with EGFR-TKIs alone
on re-accumulation of MPE in Asian population. We investigated if EGFR-TKI
therapy for advanced lung adenocarcinoma with malignant pleural effusion
(MPE) is also successful in preventing pleural fluid re-accumulation following
initial drainage.
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1 Methods: An observational cohort study of patients with lung adenocarcinoma and MPE in the year

2012 was conducted.

Results: 70 patients presented with MPE from lung adenocarcinoma. Fifty six underwent EGFR
mutation testing of which 39 (69.6%) had activating EGFR mutation and 34 (87.1%) received TKI.
20 were managed by pleural fluid drainage only whereas 14 underwent talc pleurodesis following
pleural fluid drainage. Time taken for the pleural effusion to re-accumulate in those with and
without pleurodesis was 9.9 vs. 11.7 months, p=0.59 respectively. More patients (n=10, 25.6%)
with activating EGFR mutation presented with complete opacification (white-out) of the
hemithorax compared to none without activating EGFR mutation (p=0.02).

Conclusion: In TKI eligible patients, early talc pleurodesis may not confer additional benefit in
preventing re-accumulation of pleural effusion and may be reserved for non-adenocarcinoma
histology, or EGFR negative adenocarcinoma. Complete opacification of the hemithorax on
presentation may serve as an early radiographic signal of positive EGFR mutation status.

Keywords: Lung cancer, adenocarcinoma, pleural effusion, pleurodesis, epidermal growth factor receptor
tyrosine kinase inhibitors.

INTRODUCTION

Lung cancer is a leading cause of cancer related
mortality [1]. Platinum-based chemotherapy
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illustrates partial responses in approximately 30%
of patients with advanced non-small cell lung
cancer (NSCLC) [2]. In contrast, treatment with
epidermal growth factor receptor (EGFR) tyrosine
kinase inhibitors (TKIs) are associated with higher
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response rates and survival in patients whose
cancer demonstrates activating EGFR mutations
[3-6]. Fifteen percent of patients have a pleural
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effusion at the initial diagnosis of lung cancer [7].
Patients with lung adenocarcinoma with malignant
pleural effusion (MPE) have a higher EGFR
mutation detection rate compared to patients with
lung adenocarcinoma presenting as a solitary mass
or nodule. The EGFR mutation rate in MPEs of
lung adenocarcinoma has been reported to be as
high as 70%, irrespective of patient age, gender or
smoking status [8]. Consequently, greater
proportions of patients with adenocarcinoma and a
MPE phenotype are eligible for TKI therapy.

It is known that MPE recurs rapidly, sometimes
within a month after an initial thoracentesis in a
considerable number of patients [9, 10].
Consequently, treatment targeted to the cancer
itself such as chemotherapy or TKIs, coupled to
drainage of the initial effusion and prevention of
re-accumulation in the future with either a
tunnelled pleural catheter and/or use of chemical
pleurodesis is routinely employed [11-14].

EGFR positive pleural metastases have
demonstrated a comparable high response rate to
TKIs as observed in other EGFR positive metastatic
sites. Hence it is logical to consider managing
patients with EGFR positive MPEs with TKI
therapy alone in the first instance before considering
more invasive approaches directed at the recurrence
of MPE such as tunnelled pleural catheter or
pleurodesis, each of which carries its own set of
risks and procedural complications [15]. Currently,
limited data is available demonstrating the
effectiveness of EGFR-TKI in preventing re-
accumulation of MPE [16]. To our knowledge, there
is no literature on comparison of combination of talc
pleurodesis and EGFR-TKI with EGFR-TKIs alone
on re-accumulation of MPE in Asian population.
We have conducted an observational cohort study to
assess if TKIs used for the treatment of a lung
adenocarcinoma in patients presenting with a MPE
are also useful in preventing re-accumulation of
MPE without talc pleurodesis.

MATERIALS AND METHODS

The current study included patients managed for
MPE from lung adenocarcinoma in 2012 (n=70).
Data on gender, duration of chest drainage,
occurrence of pleurodesis, EGFR mutation status,
duration of TKI therapy administration, time to
effusion recurrence (recurrence free survival), and
overall survival was recorded retrospectively.
Institutional Review Board (IRB) approval was
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obtained with the waiver of written consent due to
retrospective nature of the study.

Overall survival was evaluated from the date of
chest tube insertion to either death or date of last
follow-up ending 2015. Effusion-progression-free
survival was defined as the period from the date of
chest tube insertion to the date of follow-up chest
radiograph or CT scan showing recurrence of
pleural effusion. Effusion was considered to have
recurred if the patient re-developed symptoms such
as dyspnea, and the follow-up radiograph showed
increase in the volume of pleural effusion greater
than the radiograph done on the date of removal of
the chest tube placed at the time of initial
hospitalization. TKI duration was evaluated from
date of initiation to date of cessation. TKI as first
line group was defined as those receiving TKIs as
the first agent for more than 1 month duration. Since
it takes at least a month for TKIs to take effect,
patients receiving TKIs for less than a month (n=5)
were analysed as those who did not receive TKI.

Chemotherapy administered was
based dual agent combination therapy.

platinum

Among patients receiving EGFR-TKI's, four
types of Tyrosine kinase inhibitors were
administered namely Erlotinib (Tarceva), Gefitinib
(Iressa), Afatinib, and Crizotinib.

The volume of pleural effusion at initial
presentation was determined and classified into
one third opacification of the hemithorax, half
opacification of the hemithorax, two third
opacification of the hemithorax, and complete
opacification of the hemithorax by a respiratory
physician of at least 10 years-experience who was
blinded to the outcomes (Fig. 1).

Pleurodesis was done using talc slurry (4 g talc
mixed in 100 millilitres of normal saline) instilled via
the pre-existing chest tube inserted for drainage of
pleural effusion, or talc insufflation via thoracoscopy.
Decision to perform pleurodesis was based on the
managing physician's clinical judgement.

Data Analysis

All statistical analysis was performed using
SPSS, version 17; Chicago, I11). Data was assessed
for normality using the Kolmogorov-Smirnoff
method and where non-parametric, results were
assessed using a Wilcoxon two-sample test or



70  Current Drug Discovery Technologies, 2016, Vol. 13, No. 2

Fisher exact test. P values were two sided and
considered significant where <0.05

Results

A total of 70 patients with lung
adenocarcinoma presenting with a MPE at the time
of initial diagnosis in 2012 were studied. Median
age (range) was 72 (38-92) years and 33 (47.1%)
were female. Twenty seven (38.5%) patients
underwent pleurodesis in the whole group (Fig. 2).
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Pleurodesis was done at median (range) interval of
7 (2-22) days after chest drain insertion (Table 1).

Pleural effusion recurred in 13 (48.1%) patients
out of 27 patients who underwent pleurodesis in
the whole cohort. However, 5 patients out of 13
had trapped lung. Hence the actual recurrence rate
was 8 (29.6%). No differences in effusion-
recurrence-free survival after initial drainage was
observed between “pleurodesis” (3.9 months) vs.
“no pleurodesis” groups (3.2 months, p=0.31).

l l

28T 8,
Yy

Fig. (1). Classification of initial chest radiograph into one third opacification of the hemithorax (A), half
opacification of the hemithorax (B), two third opacification of the hemithorax (C), and complete opacification of

the hemithorax (D).

Adenocarcinoma Lung with MPE
(n=70)

Talc pleurodesis (n=27)

No talc pleurodesis (n=43)

TKIs - 1*line (n=14)

Chemotherapy - 1 line (n=2)

Best Supportive Care (n=11)

TKiIs—1%tline (n=20)

Chemotherapy -
1t line (n=6)

Best Supportive Care (n=17)

Fig. (2). Flow Diagram of the Patients. Seventy patients had malignant pleural effusion from adenocarcinoma out
of which 27 received talc pleurodesis and 43 did not. In terms of treatment of lung cancer, among patients receiving
talc pleurodesis, 14 received TKI's, 2 received chemotherapy, and 11 received nil (best supportive care), as cancer
specific therapy. Among patients not receiving talc pleurodesis, 20 received TKI's, 6 received chemotherapy, and
17 received nil (best supportive care), as cancer specific therapy.
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Table 1.  General characteristics, radiographic features on presentation, effusion-recurrence-free survival, and overall survival.
All Pleurodesis (n=27) No pleurodesis (n=43)
st st
| ot we | T Gt | e
No. of patients 70 14 2 11 20 6 17
Age 72 (38-92) 62 (52-82) 57.5 (40-75) 76 (57-90) 72 (45-92) 67 (40-72) 78 (38-89)
Gender (Females) 33 (47.1) 7 (50) 0 3(27.2) 13 (65) 3 (50) 7 (41.1)
Initial radiograph
1/3" opacification 13 (18.5) 3(21.4) 0 2 (18.1) 3(15) 1(16.6) 4(23.5)
Y2 opacification 17 (24.2) 4(28.5) 0 3(27.2) 5(25) 2(33.3) 3(17.6)
2/3" opacification 21 (30) 3(21.4) 2 (100) 5(45.4) 3(15) 2(33.3) 6(35.2)
Complete opacification 17 (24.2) 3(21.4) 0 19 8 (40) 1(16.6) 4(23.5)
Side of pleural effusion
Right 44 (62.8) 9(64.2) 0 6(54.5) 9 (45) 4 (66.6) 16 (94.1)
Left 23 (32.8) 5(35.7) 2 (100) 5(45.4) 11 (55) 2(33.3) 1(5.8)
Trapped lung 9(12.8) 1(7.1) 0 0 3(15) 2(33.3) 3(17.6)
Chest tube duration (days) 7.5 (1-23) 7 (3-13) 11 6 (12-23) 8 (3-18) 9 (7-16) 7(1-13)
EGFR positive (exon 19, 21) 39 (55.7) 13(92.8) 0 3(27.2) 16 (80) 1(16.6) 5(29.4)
TKIs duration (days) 275 (10-1101) | 338.5(32-661) 0 10 (17-24) 299 (42-1101) 24 (24-24) 24 (21-27)
Effusion-recurrence-free
survival (days) 96.5 (4-913) 298 (22-783) 152 (117-187) | 49 (12-241) 352 (12-739) 35.5(31-913) 22 (4-197)
381.5 (16-
Overall survival (days) 218 (4-1215) | 577.5(96-859) | 166 (123-209) | 51 (18-242) 1215) 381.5(83-973) | 72 (4-385)

Data presented as number (%) or median (range)

Table 2.

Subgroup analysis of EGFR mutation status and the degree of opacification of the hemithorax by pleural effusion at the
time of initial presentation (n=56).

EGFR (+) EGFR (-) P value
(n=39) (n=17)
One third opacification of the hemithorax (n=11)* 6(15.3) 5(29.4) 0.27
Half opacification of the hemithorax (n=13) 9 (23) 4(23.5) 1.0
Two third opacification of the hemithorax (n=20) 12 (30.7) 8 (47) 0.36
Complete opacification of the hemithorax (n=10) 10 (25.6) 0 0.02

*Data of patient who did not undergo EGFR mutation analysis (n=14) were excluded.
EGFR: epidermal growth factor receptor

Fifty six (80%) patients were tested for EGFR
mutation and 39 (69.6%) had activating EGFR
mutations in exon 19 or 21. Significantly greater
proportions of EGFR positive patients (n=10,
25.6%) presented with complete opacification of
their hemithorax vs. none in EGFR negative
patients (p=0.02) (Table 2, Fig. 1).

Out of 39 the TKI eligible patients, 34 (87.1%)
received TKI as Ist line therapy, 5 having refused
such therapy due to patient preference. 20 patients
receiving TKI were managed by pleural fluid
drainage only whereas 14 underwent talc
pleurodesis following pleural fluid drainage. Time
taken for the pleural effusion to re-accumulate in
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those with, and without pleurodesis was 9.9 vs.
11.7 months, p=0.59 respectively suggesting no
additive effect of pleurodesis in preventing
effusion re-accumulation in patients receiving TKI
therapy for their lung adenocarcinoma.

Eight patients received chemotherapy as first line
therapy. Although not reaching statistical significance
(p=0.64), effusion-recurrence-free period was longer
(5 months) in those undergoing talc pleurodesis in
addition to chemotherapy (n=2) vs. 1.1 month in
those without talc pleurodesis (n=6) (Table 3, Fig. 3).

Twenty eight patients were treated with best
supportive care (BSC). Among these, those with
talc pleurodesis (n=11) and those without talc
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pleurodesis (n=17) showed similar effusion-
recurrence-free period of 1.63 vs. 0.73 month,

(p=0.20).

Median survival for the whole cohort
collectively was 7.2 months. Median survival in
TKIs, TKIs plus talc pleurodesis, and TKIs
without talc pleurodesis group was 14.1, 19.2, and
11.7 months respectively. Median survival for
those receiving chemotherapy, chemotherapy plus
talc pleurodesis, and chemotherapy without talc
pleurodesis was 8.3, 5.5, and 12.7 respectively.
Median survival in BSC with and without
pleurodesis was 1.7 and 2.4 months respectively.
One year survival in the TKIs group was

Table 3. Subgroup analysis of patients treated with TKIs, chemotherapy, or best supportive care in “talc pleurodesis” and “no-talc

pleurodesis” group (n=70).

Recurrence free period P value
(days)
TKIs as 1% line without Talc pleurodesis (n=20) 352 (12-739)
Best supportive care alone (n=17) 22 (4-197) 0.0002
Best Supportive Care with Talc pleurodesis (n=11) 49 (12-241)
Chemotherapy as 1* line without Talc pleurodesis (n=6) 35.5(31-913) 0.43
TKIs as 1% line without Talc pleurodesis (n=20) 352 (12-739)
Best Supportive Care with Talc pleurodesis (n=11) 49 (12-241) 0.007
Best Supportive Care alone (n=17) 22 (4-197)
Best Supportive Care with Talc pleurodesis (n=11) 49 (12-241) 0.20
TKIs as 1% line without Talc pleurodesis (n=20) 352 (12-739)
Chemotherapy as 1* line without Talc pleurodesis (n=6) 35.5(31-913) 0.36
TKIs as 1% line without Talc pleurodesis (n=20) 352 (12-739)
TKIs as 1st line with Talc pleurodesis (n=14) 298 (22-783) 0.59
Best Supportive Care with Talc pleurodesis (n=11) 49 (12-241)
Chemotherapy as 1°* line with Talc pleurodesis (n=2) 152 (117-187) 0.15
Best Supportive Care alone (n=17) 22 (4-197)
Chemotherapy as 1* line without Talc pleurodesis (n=6) 35.5(31-913) 0.07
TKIs as 1st line with Talc pleurodesis (n=14) 298 (22-783)
Best Supportive Care with Talc pleurodesis (n=11) 49 (12-241) 0.006
TKIs as 1st line with Talc pleurodesis (n=14) 298 (22-783)
Best Supportive Care alone (n=17) 22 (4-197) 0.0003
Best Supportive Care alone (n=17) 22 (4-197)
Chemotherapy as 1* line with Talc pleurodesis (n=2) 152 (117-187) 0.04

TKIs: Tyrosine kinase inhibitors
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Effusion recurrence free period in sub-groups

Fig. (3). Effusion-recurrence-free period in various sub-groups. Patients receiving TKIs had longest effusion-
recurrence-free period of 352 days (close to a year) even without talc-pleurodesis, in comparison to patients with
chemotherapy and best supportive care. The solid horizontal line within the box represents the median, and the

dotted horizontal line represents the mean.

significantly longer than the survival rate of the
whole cohort (p=0.007).

TKI alone (without pleurodesis) as a first line
therapy had the longest effusion-recurrence-free
period. On the contrary, chemotherapy alone
(without pleurodesis) as first line was equivalent to
BSC with talc pleurodesis (1.6 months, p=0.43),
and BSC alone (0.73 months, p=0.07). This
suggests that chemotherapy alone for the treatment
of MPE is similar to no intervention or pleurodesis
alone, a marked contrast to the pattern observed
with TKIs. Patients with complete opacification of
their hemithorax (n=17) also demonstrated shorter
effusion-recurrence-free survival 70 (4-739) days
as compared to those with one third opacification
of the hemithorax (n=13), 197 (23-559) days
without reaching significance (p=0.42).

Among patient treated with chemotherapy, two
patients received combination of carboplatin and
gemcitabine. Four patients received combination
of carboplatin and Pemetrexed, and 2 patients
received combination of cisplatin and Pemetrexed.

Among patients treated with EGFR-TKIs,
nineteen patients received Erlotinib (Tarceva), 12

patients received Gefitinib (Iressa), 2 patients
received Afatinib, and 1 patient received
Crizotinib.

DISCUSSION

Our findings illustrate that EGFR-TKI therapy
alone may be equivalent to that with the addition
of talc pleurodesis in preventing recurrence of
MPE in EGFR mutation positive lung
adenocarcinoma. Furthermore, it may be superior
to the combined effect of “chemotherapy plus talc
pleurodesis,” for the prevention of recurrent MPE
in an unselected patient cohort with lung
adenocarcinoma. In TKI eligible patients, early
talc pleurodesis prior to confirmation of EGFR
status may not be necessary. This is the first study
in Asian population to compare the effectiveness
of EGFR-TKI alone with the combination of
EGFR-TKI and talc pleurodesis in preventing re-
accumulation of MPE.

Data directly addressing effusion-recurrence-
free period in patients with lung adenocarcinoma
and MPE is limited. In our cohort of lung
adenocarcinoma patients, the recurrence-free-
period was no different (close to 4 months) in
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pleurodesis vs. no pleurodesis groups. This was
similar to the only one other study comparing the
effusion-recurrence-free period between EGFR-
TKI and chemical pleurodesis [16]. The reported
effusion-recurrence-free period in all comers was
5 and 4.8 months in no-pleurodesis and
pleurodesis groups respectively in this study, with
the difference that these investigators used
minocycline or OK432 as the pleural sclerosing
agent in contrast to talc used in our cohort [16].

In terms of EGFR status, recurrence-free period
was significantly better in our cohort (10.8
months) in the EGFR positive group treated with
TKIs vs. EGFR negative group (1.8 months) and
furthermore, there was no difference in the
effusion-recurrence-free period between patients
receiving TKI with pleurodesis and those
receiving TKI without pleurodesis, both having
effusion-recurrence-free period of approximately
10-11 months (close to an year). These findings
are similar to previous investigators who also
reported the significantly better recurrence-free
survival in an EGFR positive group treated with
TKIs vs. EGFR negative group (7.1 vs 1.1
months).

This has clinical implications. Malignant
pleural effusion frequently recurs after drainage.
Currently available and commonly practiced
options for preventing re-accumulation of MPE
are chemical pleurodesis for free flowing effusion,
or tunnelled pleural catheter for trapped lung.
Regarding chemical pleurodesis, a meta-analysis
of 10 randomized trials that included 308 patients
has shown that non-recurrence of effusion is more
likely with talc pleurodesis than chest tube
drainage without instillation of a talc. (Relative
risk 1.34, CI 1.16-1.55) [12]. However pleurodesis
1s associated with difficulties.

First, the decision to undergo chemical
pleurodesis is often based on a relatively longer
anticipated survival (e.g. longer than three months)
however, no studies exist to allow sufficiently
accurate predictions of survival to assist decision
making for management of individual patients
with malignant pleural effusions.

Second, although the success rate of talc in
preventing recurrence is approximately 60 to 90
percent, the longer the patient survives after
pleurodesis, however, the greater the probability of
recurrence of a malignant pleural effusion with 50
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percent of patients undergoing talc pleurodesis
experiencing inadequate fluid control at six
months [12, 17-21].

Third, talc pleurodesis carries potential for
complications. The most common adverse events
occurring after talc pleurodesis are fever (10-17
%), pain, and gastrointestinal symptoms. Rarely, a
systemic inflammatory response syndrome and/or
adult respiratory distress syndrome develop; these
complications are generally preventable by
avoiding small particle size talc and not
administering more than 5 g of talc at a time [22].
However, graded (large size talc) may not be
available everywhere.

Fourth, talc pleurodesis requires reduction of
pleural drainage to less than 150 millilitres before
pleurodesis can be performed even when the
patient is no longer symptomatic from effusion
and is fit for discharge [23]. This increases the
length of stay of the patient in the hospital.

Our finding of the potential of TKIs alone being
adequate for preventing re-accumulation of MPE
helps to overcome all these issues by avoiding the
unnecessary side effects and complications of talc
administration. This can also save institutional
resources associated with performing the
procedure, and length of stay (LOS) associated
with time required for the reduction of pleural
drainage to less than 150 millilitres before
pleurodesis can be performed.

It has been reported that effusion control rate
with EGFR-TKIs in patients with large or massive
pleural effusions at initial presentation is poorer
than those with small to moderate amounts of
pleural effusion [16]. In our work, we observed
similar findings. Patients presenting with complete
opacification of their hemithorax had greater
incidences of EGFR mutation. Furthermore,
effusion-recurrence-free period in patients with
complete opacification of their hemithorax was
shorter compared to those with one third
opacification of their hemithorax, although results
did not reach statistical significance. The clinical
implications of such findings are that initial chest
radiograph’s may guide physicians at a potentially
very early stage with regards to indicating EGFR
mutation status and the urgent need for testing and
TKI therapy. Secondly, complete opacification of
the chest directly correlates with EGFR positivity
and may predict a subgroup of patients in whom
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early pleurodesis should be considered based on
the higher risk of re-accumulation.

Although overall survival was not the primary
end point of our study, the median survival of the
studied cohort was 7.2 months, similar to 6.5-8
months prior to advent of EGFR-TKIs in the
existing literature [24]. The survival rate at 1 year
was 31%. The median survival of those receiving
TKIs in our cohort however, was 14 months,
comparable to international standards with
survival rate at 1 year of 52.9% [25].

While our study uncovers some important
clinical patterns, it does possess limitations. First,
it is a single center study with an observational
design. Second, the number of patients is small
requiring a larger study with a prospective
randomized design to validate our findings. Third,
although a small number, few patients underwent
talc pleurodesis even when they had trapped lung.
This can falsely increase the failure rate in the
patient who did not receive TKI. However, the
consistency of our findings with that in the
existing literature, which is limited, indicates the
value of our dataset.

In summary, performing talc pleurodesis in the
early phase (prior to the confirmation of EGFR
status) of the management for everyone who has a
chest tube inserted for initial drainage of pleural
effusion may not be necessary. Patients receiving
TKIs have longer effusion-recurrence-free period
of almost 1 year without pleurodesis. Pleurodesis
in this patient subset may not confer additional
benefit. Early pleurodesis should be reserved for
non-adenocarcinoma histology, or EGFR negative
adenocarcinoma, or in patients who develop an
effusion following disease progression on TKI
treatment, and those with complete opacification
of the hemithorax at initial presentation.
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